[1] The tectonic evolution of the Paleo-Asian Ocean between the North China Block (NCB) and the Mongolia Block (MOB) is a contentious issue, and geodynamic models remain speculative. In an effort to puzzle out this controversy, a paleomagnetic study was carried out on the Silurian to Permian formations in central-eastern Inner Mongolia (China). More than 680 sedimentary and volcanic samples were collected from 86 sites. We have established titanium-poor magnetite and hematite as the principal magnetic carriers. Anisotropy of the magnetic susceptibility measurements demonstrate negligible deformation of the majority of study rocks with sedimentary fabrics. From primary magnetizations, a Late Devonian and a Permian pole are calculated for Inner Mongolia Block (IMB) at l = 46.8 N, j = 349.1 E, dp = 14.6
Introduction
[2] Central-eastern Asia, located between the North China Block (NCB) and Siberia Block (SIB) (Figure 1a) , is formed by long-term amalgamation of the NCB, the Mongolia Block (MOB, South Mongolia, and Amuria block), SIB, and several intermediate microcontinents [Windley et al., 2007] . It is considered as the southeastern part of the Altaids [Sengör et al., 1993] , also known as the Central Asian Orogenic Belt (CAOB) in some papers [Windley et al., 2007; Kröner et al., 2010; Xu et al., 2012] . This area has attracted much attention from geoscientists for decades, as it represents a natural laboratory to understand accretionary processes and continental crust formation. Hence, it has been extensively studied from tectonic evolution [e.g., Xiao et al., 2003; Windley et al., 2007; Xu et al., 2012] , geochemical and geochronological constrains [e.g., Jahn et al., 2009; Litvinovsky et al., 2011; Wu et al., 2011] , and paleomagnetic reconstructions [e.g., Zhao et al., 1990; Enkin et al., 1992; Pruner, 1992; Kravchinsky et al., 2002a; Cogné et al., 2005] .
[3] However, several issues dealing with the Paleozoic evolution of the Paleo-Asian Ocean between NCB and MOB are still controversial, especially the location of suture zone and the timing of the final oceanic closure. According to the unconformity between the Upper Devonian strata and the underlying rocks, and their different deformation patterns as well, Tang [1990] and Xu et al. [2012] suggested that two branches of the Paleo-Asian Ocean were closed in the Late Devonian to form two orogens between NCB and MOB, namely the North Orogen and the South Orogen ( Figure 1b ). These two belts are separated by a microcontinent, namely, the Hunshandake Block by Xu et al. [2012] , referred as Inner Mongolia Block (IMB) in this paper. After that, this region underwent an extensional setting characterized by Early Permian alkine A-type granitoids and bimodal volcanic rocks Jahn et al., 2009; Chen et al., 2012] and extension-related sedimentation [Tang, 1990] . However, based on disputable geochemical interpretations, and occurrence of the Permian marine sediments, some authors hypothesized that the Paleo-Asian Ocean has existed through the late Paleozoic, until the Late Permian when NCB and MOB collided [Chen et al., 2000; Xiao et al., 2003; Johnson et al., 2008; Heumann et al., 2012] .
[4] Paleomagnetism is an efficient tool to study plate movements and to propose paleogeographic reconstructions. Thus, it could provide key arguments to solve the aforementioned controversy on Paleo-Asian Ocean. In East Asia, previous paleomagnetic studies have been concentrated on the study of the Mongol-Okhotsk Ocean between MOB and SIB [Kravchinsky et al., 2002a [Kravchinsky et al., , 2002b Cogné et al., 2005] . Conversely, paleomagnetic constraints for the Paleo-Asian Ocean remain rare and they were mostly carried out from the northern part of MOB, such as Trans-Baikal and upper Amur [Pruner, 1992; Kravchinsky et al., 2002a] . Zhao et al. [1990] have reported the first and only paleomagnetic study on Paleozoic rocks from Inner Mongolia; however, their results of the Late Permian (11 samples) and Carboniferous (29 samples) are clearly remagnetized with a negative fold test. Therefore, no reliable or utilizable Paleozoic paleomagnetic data are available up to now for Inner Mongolia area. For these reasons, a paleomagnetic study has been carried out on sedimentary and volcanic rocks from Paleozoic formations in central-eastern Inner Mongolia. The widespread desert and grassland hinder finding suitable outcrops for paleomagnetic sampling. It took us 3 years to investigate the area and to find all the outcrops presented in this paper.
Geological Setting and Paleomagnetic Sampling

Brief Geological Outline
[5] The central-eastern Inner Mongolia, located between the northern margin of the NCB and the southern margin of the MOB (Figure 1b) , has recorded a complex subductioncollision history between these two continents [Xiao et al., 2003; Windley et al., 2007; Jian et al., 2008; Zhang et al., 2008; Xu et al., 2012] . Two well-documented ophiolitic mélange belts exposing blocks of blueschists and chert [Xu et al., 2001; Xiao et al., 2003; De Jong et al., 2006] are juxtaposed with two magmatic arcs, namely, the Baolidao Arc and the Bainaimiao Arc [Chen et al., 2000; Jian et al., 2008] , which are located to the south of Sunidzuoqi and Ondor Sum, respectively ( Figure 1b ). An unconformable Late Silurian to Late Devonian molasse overlies the mélanges and postdates the early-middle Paleozoic orogenic events, recorded in the North Orogen and the South Orogen ( Figure 1b) [Tang, 1990; Xu et al., 2012] . Between these two orogenic belts, a microcontinent (IMB) exposes a Precambrian basement [Xu et al., 2012] . In addition to the two ophiolitic mélanges, the occurrence of numerous ultramafic rocks, mainly serpentinite and metagrabbro, throughout central-eastern Inner Mongolia [Miao et al., 2007] led many authors to propose that they represent the ophiolitic remnants of the suture zone and to speculate that oceanic domains have persisted during the late Paleozoic [Xiao et al., 2003; Li, 2006 ; Xu et al. [2012] ). Sampling localities: a, Damaoqi; b, Aohanqi; c, Sunidzuoqi; d, Abagaqi; e, Keshiketengqi; f, Linxi; g, West Ujimqin; h, Erenhot; i, East Ujimqin. Miao et al., 2008] . However, the geochemical signature of most of these ultramafic rocks and their geological relationships with the surrounding units do not support an ophiolitic origin, and therefore, they do not represent a ophiolitic suture zone [Miao et al., 2007; Jian et al., 2012] .
[6] The Precambrian basement of central-eastern Inner Mongolia is composed of the strongly deformed and metamorphosed Paleoproterozoic Baoyintu Group, and the Mesoproterozoic to Neoproterozoic Xilin Gol complex [Inner Mongolian Bureau of Geology and Mineral Resources (IMBGMR), 1991; Xu and Chen, 1997; Ge et al., 2011] . The widespread undeformed Late Silurian and Late Devonian molassic deposits unconformably overlie the Precambrian rocks [Xu and Chen, 1997; Zhang et al., 2010] . During the Carboniferous, IMB was covered by carbonate deposits with subordinate clastic rocks, which grade upward into Early Permian volcanic rocks, Middle Permian shallow marine deposits, and Late Permian lacustrine black mudstone-siltstone deposits [IMBGMR, 1991; Mueller et al., 1991] . The widespread Early Permian volcanic and intrusive rocks are mostly alkaline or calc-alkaline, and the volcanic rocks present a bimodal geochemical signature, which suggest emplacement in an extensional tectonic setting Chen et al., 2012] . These extensional basins were closed at the end of Permian, as the Late Permian conglomerate unconformably overlying the folded CarboniferousPermian strata. Subsequently, central-eastern Inner Mongolia experienced uplift and erosion until the deposition of Late Jurassic volcanic rocks and the formation of Early Cretaceous rift-related basins [Meng, 2003] , associated with contemporaneous plutons intruded into the Paleozoic strata (Figure 1b) .
[7] Concerning MOB, although there is no agreement for the existence of a single block, several microblocks recognized in southern Mongolia (e.g., Hutag Uul microblock and Baga Bogd massif) Demoux et al., 2007] , and in Amur area (e.g., central Mongolian, Argun, upper Amur, Khingan-Bureya blocks) [Zonenshain et al., 1990] are thought to be nearby each other [Zonenshain et al., 1990; Kravchinsky et al., 2002a] . Meanwhile, all Paleozoic paleomagnetic results obtained on or at the margin of these microblocks display consistent paleolatitude [Kravchinsky et al., 2002a and references therein] , so we use MOB to represent these nearby microblocks. However, in the late Paleozoic, these microblocks may separate from each other with remnant seas, as Carboniferous arcs and marine deposits were identified [Johnson et al., 2008] . The remnant seas were thought to be closed in the Late Permian, with the Permian marine succession overlain unconformably by the Lower Triassic continental strata [Johnson et al., 2008; Lehmann et al., 2010; Blight et al., 2010; Heumann et al., 2012] .
Stratigraphy of Sampled Strata
[8] The sampled strata range from Late Silurian to Late Permian, which are the key stages for studying the evolution of the eastern part of CAOB. In the following part, we describe the sampling localities using the tectonic division presented in the geological outline.
North Margin of NCB
[9] At the northern margin of NCB, two localities were sampled, namely Damaoqi to the west and Aohanqi to the east (localities a and b in Figure 1b , respectively).
[10] Late Silurian rocks are well defined as the Xibiehe Formation (S 3 x) near Damaoqi County [Zhang et al., 2010] . It is composed of basal conglomerate at the bottom, grading upward into sandstone and limestone, containing corals and brachiopods, such as Kyphophyllum, Progressum, syringopora, etc. [IMBGMR, 1991 [IMBGMR, , 2002 . Six sites of yellow sandstone with variable beddings were collected over a 500 m thick section ( Figure 2a and Table 1 ). The Xibiehe Formation underlies the Lower Devonian Chaganhabu Formation (D 1 c) with an unconformable contact. The Early Devonian assignment is based on the abundant corals, brachiopods, and bryozoans, such as Favosites sp. Atrypa sp. Leptotrypafragilis [IMBGMR, 2002] . To the north of Damaoqi, eight sites of red sandstone were collected from an about 800 m thick and gently folded section ( Figure 2b and Table 1 ). It is worth noting that a dextral strike-slip fault showing mylonitic deformation has been identified three kilometers to the east of the sampling sites during our field work.
[11] To the north of Aohanqi County, seven sites were selected from the Lower Carboniferous Houfangshengou Formation (C 1 h), which consists of thick-bedded (0.2-1 m) black limestone ( Figure 2c and Table 1 ). This formation, more than 1200 m thick, attests for a stable platform carbonate setting. The well-preserved corals and brachiopods (Gigantoproductus-Dibunophyllum) constrain its Early Carboniferous age [IMBGMR, 1991] . Open fold without cleavage can be observed in this formation.
Inner Mongolia Block (IMB)
[12] Paleomagnetic samples were collected from five localities in IMB. From west to east, they are Sunidzuoqi, Abagaqi, Keshiketengqi, Linxi, and West Ujimqin (localities c, d, e, f and g, respectively, in Figure 1b ).
[13] Near Sunidzuoqi and Abagaqi counties (Figure 1b ), five sites of red coarse sandstone ( Figure 2d ) and six sites of yellow siltstone (Figure 2e ) of the Upper Devonian Seribayanaobao Formation (D 3 s) were collected, respectively (Table 1) . The Upper Devonian Seribayanaobao Formation represents continental molasse deposits, which unconformably overlie the ophiolite mélange [Xu and Chen, 1997; Xu et al., 2012] . This formation mainly consists of red conglomerate, red-yellow sandstone, and yellow siltstone, with a top layer of argillaceous limestone. The plant fossils, such as Leptophloeum rhombicum in the sandstone and Nalivkinella profunda and Cyrtospirifer sulcifer in the limestone, attest to the Late Devonian age [Xu et al., 2012] . Near Sunidzuoqi, five sites of red sandstone were also collected from both limbs of a fold within the Lower Carboniferous Gouhuduge Formation (C 1 g; Table 1 ), which conformably overlies the Upper Devonian strata. Open fold has been observed from Lower Carboniferous strata in the Sunidzuoqi, and the Upper Devonian strata in Abagaqi are highly tilted (Table 1) .
[14] To the south of Keshiketengqi County, six sites of coarse sandstone of the Upper Permian Tieyingzi Formation (P 3 t) were collected from a section with very gentile bedding ( Figure 2f and Table 1 ). The alluvial-fluvial-lacustrine facies Tieyingzi Formation consists of conglomerate at the bottom, coarse-grained to conglomeratic sandstone in the middle, and red and green siltstone on the top. The Tieyingzi Formation unconformably overlies the Early-Middle Permian granite and the Lower-Upper Permian strata, with pebbles of all aforementioned rocks at the bottom. The enriched Late Permian plant fossils, such as Pecopteris sp. Calamites sp., Nephropsis sp, and the occurrence of the unconformity as well, assign the Tieyingzi Formation to the Late Permian.
[15] To the north of Linxi County, three sites of tuff and basalt from the Lower Permian Dashizhai Formation (P 1 d) and three sites of sandstone from the Upper Permian Linxi Formation (P 3 l) were collected ( Figure 2g and Table 1 ). The Dashizhai Formation is composed of volcanic rocks erupted between 285 and 270 Ma, which belong to the major Late Paleozoic magmatic event widespread in Inner Mongolia Liu, 2009; Chen et al., 2012] . The Linxi Formation is composed of fluvial conglomerate at the bottom with pebbles of volcanic rocks of Dashizhai Formation, covered by approximately 4000 m thick black mudstone and dark yellowish siltstone/sandstone of fluvial-lacustrine facies [Mueller et al., 1991] . The plant fossils and fresh water bivalves, such as Brachythyris sp. and Rhombotrypella sp., and the minimum age of detrital zircons (256 AE 2Ma) [Han et al., 2011] well constrain its Late Permian age.
[16] To the south of West Ujimqin County, eight sites of limestone and three sites of grey fine-grained sandstone were sampled from the Upper Carboniferous Amushan Formation (C 2 a; Figure 2h ). As the most general Late Carboniferous deposits in Inner Mongolia, the Amushan Formation is composed of shallow marine facies carbonate and subordinate terrigeneous deposits with a well-defined age owing to enriched neritic fossils, such as Pseudoschwagerina and Triticites. To the north of West Ujimqin, five sites of yellow sandstone were sampled from both limbs of an open fold at the top of the Upper Carboniferous-Lower Permian Gegenaobao Formation (C 2 -P 1 g). The top sandstone of Gegenaobao Formation directly overlies volcanic rocks that have yielded a zircon concordant U-Pb age at 266 AE 2Ma (Zhao, unpublished data) . Therefore, the collected sandstone is mid-Permian in age and we further use P 2g to represent the age for these five sites. To the south of West Ujimqin, six sites of dark blue thickbedded limestone were collected from the middle Permian Zhesi Formation (P 2 z; Figure 2i ). The age determination of Zhesi Formation is based on the well-known Middle Permian Zhesi Fauna [Wang et al., 2004a] . The bedding attitude for the Zhesi Formation is nearly vertical, with very slight variations.
Southern Margin of MOB
[17] At the southern margin of MOB, two localities were chosen for paleomagnetic sampling. From west to east, they are Chaganaobao to the north of Erenhot (locality h in Figure 1b ) and East-Ujimqin (locality i in Figure 1b) . , dp = 5.6
, dm = 10.4 Table 1 , j = 254.0 , dp = 5.3
, dm = 9.6
[18] To the north of Chaganaobao village, eight sites of red coarse sandstone ( Figure 2j ) and one site of conglomerate of the Lower-Middle Devonian Niqiuhe Formation (D 1-2 n) were sampled on both limbs of the folded 4 km long profile (Table 1) . The Niqiuhe Formation is composed of red conglomerate at the bottom, followed by red coarse sandstone and limestone in the middle part, and tuffecous sandstone/siltstone on the top. Corals and brachiopods fossils, such as Leptaenopyxis bouei, Derbina, and Coelospira, define the Early-Middle Devonian age of this formation [IMBGMR, 1991] . These strata were further intruded by Late Jurassic-Early Cretaceous granite and covered by contemporary volcanic rocks.
[19] Near East Ujimqin County, six sites of volcaniclastic rocks were collected from the upper part of the Upper Carboniferous-Lower Permian Gegenaobao Formation (C 2 -P 1 g; Figure 2k and Table 1 ). The Gegenaobao Formation, overlying the Late Devonian strata and granodiorite unconformably, displays conglomerate and sandstone in the lower part and volcanic breccias-andesite-rhyolitevolcanoclastic rocks in the upper part, both of which display a nearly vertical bedding attitude. The age of this formation is determined by brachiopods fossils in the clastic part, such as Kochiproductus sp., Rhynchopora sp., Spirifer sp. Several meters apart from the sampling sites, a W-E trending dextral strike-slip shear zone was identified (Figure 2l ).
[20] For each site, six to eight cores were drilled using a portable gasoline drill. Cores were orientated by both magnetic and, if possible, solar compasses. The average differences between these two azimuths of different localities ranges between 1.5 AE 0.5 and 8.0 AE 1.4 . When Sun measurements were not available, the average value of the locality was used to correct the orientation of the samples. Overall, about 680 cores of 86 sites were sampled from nine localities, covering most areas of central-eastern Inner Mongolia ( Figure 1b and Table 1 ). It is worth noting that a considerable effort has been made to find all possible outcrops in this area for paleomagnetic sampling.
Laboratory Methods
[21] In the laboratory, cores were prepared into standard specimens with 2.5 cm in diameter and 2.2 cm in length. Before the measurements of magnetic remanence of this paleomagnetic collection, several techniques were performed to magnetic mineralogical investigation: thermal magnetic (Curie point) experiments by KLY-3S kappabridge susceptibility meter coupled with a CS3 furnace and the acquisition of isothermal remanent magnetization (IRM) by IM30 pulse magnetizer at Institut des Sciences de la Terre d'Orléans (ISTO). In order to evaluate the deformation experienced by sampled rocks, measurements of the anisotropy of the magnetic susceptibility (AMS) were also systematically performed on specimens before their demagnetization by KLY3 kappabridge susceptibility meter. The orientation of the principal magnetic fabric axes, namely, K 1 , K 2 , and K 3 , has been measured, and the anisotropy degree (P J ) and shape parameter (T) have been calculated for each specimen as well, following Jelínek [1978] .
[22] Usually, at least six cores were chosen from each site for demagnetization. Both thermal and alternating magnetic field techniques were carried out to progressively remove , dp = 11.9
, dm = 15 the magnetic remanence by about 12-16 steps with temperature intervals from 20 C to 50 C and alternating magnetic field intervals from 2 mT to 20 mT, using a laboratorybuilt furnace and a LDA-3 demagnetizer, respectively. Magnetic remanence was measured by JR5 magnetometer.
[23] Magnetic directions were isolated by the principal component analysis [Kirschvink, 1980] or estimated by great circle technique when end-points were not aligned [McFadden and McElhinny, 1988] . The mean magnetic directions were computed by Fisher spherical analysis [Fisher, 1953] using paleomagnetic software packages offered by Cogné [2003] and R. Enkin (unpublished).
Measurement Results
Magnetic Mineralogy
[24] The detailed mineralogical analyses for each locality are presented in Appendix A and summarized in the following. Three main types of magnetic carriers are identified from both thermomagnetic experiment and IRM measurement. (a) 55 out of 86 sites show magnetite is the main magnetic carrier as revealed by the sharp drop of the magnetic susceptibility at 550-585 C during thermomagnetic experiments (Figures 3a and 3b) and by the rapid increase of the IRM to a total magnetic saturation at about 300 mT (Figure 3f-1) . (b) For 22 out of 86 sites, both magnetite and hematite coexist as the main magnetic carriers, deduced from the successive drops of the magnetic susceptibility from 580 C to 680 C (Figure 3c ), and the relatively rapid increase of IRM at the weak applied field but without a total saturation at 1.0 T (Figure 3f-2) . (c) For 9 out of 86 sites, hematite as the main magnetic carrier was indicated from the linear increase of IRM up to 1.0 T without a total saturation (Figure 3f-3) , and with no drop at approximately 120 C of magnetic susceptibility, which excludes the high coercive goethite. Meanwhile, mineral transformations are common during the thermomagnetic experiments. The heating curve of Curie temperature measurements displays a rapid increase of the magnetic susceptibility at about 150 C followed by a slow increase to reach a peak at about 300 C, which may correspond to the transformation of goethite and/or pyrite into pyrrhotite and/or magnetite. In addition, the abrupt decrease from 300 C to 400 C is potentially due to maghemite destabilization (Figures 3a and 3c) . For 35 out of 86 sites, heating and cooling thermomagnetic curves do not coincide, and the rapid increase of magnetic susceptibility during the cooling also indicates mineral oxidation during experiments (Figures 3d and 3e) . However, it seems that mineral transformation does not disturb the thermal demagnetization, as in the majority of cases, specimens display relatively stable remanent directions.
AMS Results
[25] The AMS results for each site are presented in Appendix B. For each locality except East Ujimqin, the equal-area projection of the principal axes of the magnetic susceptibility (Figure 4a ) shows nearly horizontal K 1 axes (D = 243.5 , I = 8.8
) and highly inclined K 3 axes (D = 102.5 , I = 78.8 ) in tilt-corrected coordinates, which well define a horizontal magnetic fabric consistent with the initial sedimentary bedding. Meanwhile, the K 3 axes are better clustered after unfolding with the maximum/minimum radius at 95% confidence of mean K 3 axes lies at 48.5 /35.2 in in situ coordinates and 28.7 /25.6 in tilt-corrected coordinates. All samples show a relatively weak anisotropy degree with P J < 1.08 (Figure 4b) , suggesting that at least at the sampling scale, these rocks have not experienced intense deformation since their formation. Conversely, the data set of the volcaniclastic rocks from East Ujimqin shows well-clustered and nearly horizontal K 1 , but K 3 directions are distributed along a girdle (Figure 4c ). Such pattern, combining with the relatively high and heterogeneous values of P J (Figure 4d ), indicates a prominent prolate shape for the fabric. This may be due to a postdeposition deformation, which is compatible with our field observation of vertical dextral strike-slip fault in the vicinity of sampling (Figure 2l ). Meanwhile, both the K 1 and K 3 axes are better clustered in in situ coordinates than in tilt-corrected coordinates, suggesting that the magnetic fabric may be secondary. [26] The natural remanent magnetization (NRM) intensities of yellow sandstone samples of the Upper Silurian Xibiehe Formation (S 3 x) are in the range of 0.25 mA/m to 38.7 mA/m. Among them, two sites (Site 12 and 14) display weak NRM (lower than 1 mA/m) and strong viscosity, and no stable paleomagnetic component can be isolated (Table 1) . For others, two components were isolated from most of the samples after progressive thermal demagnetization. The low temperature component (LTC) up to 150 C displays random directions (Figures 5a and 5b) . The high temperature component (HTC), isolated from 200
C to 680 C, shows two types of direction before bedding adjustments (Table 1 and Figures 5a and 5b) .
[27] For the red sandstone of the Lower Devonian Chaganhebu Formation (D 1 c), NRM intensities range from 1 mA/m to 202 mA/m with most of them >10 mA/m. For most of the samples, only one component was isolated from room temperature to 680 C (Table 1 and Figure 5c ). In addition, few samples display two components with random low-middle temperature component (up to 500 C) and reversed HTC (Figure 5d ) before tilt correction. The Enkin's direction-correction (DC) fold test [Enkin, 2003] is negative for this locality. Except two sites with north-northeast declination and steeply downward inclination (Sites 1 and 3) and one dispersed site (Site 5), the five remaining sites display shallow upward inclination and variable declinations ranging from 110 to 315 (Table 1) . 4.3.1.2. Aohanqi Area (C1h)
[28] The NRM intensities of black limestone samples of the Lower Carboniferous Houfangshengou Formation (C 1 h) range from 0.5 mA/m to 22.6 mA/m. Two components were isolated from most measured samples. After removing a dispersed viscous component up to 200 C or 2 mT, a stable component was isolated with both normal and reversed polarities before bedding adjustments (Figures 5e  and 5f ). A mean direction has been calculated (Table 1) , which fails to pass the fold test as the directions are much better clustered before unfolding (Figure 6b) . Table B1 except sites N27-N32; (c and d) equal-area stereoplot of K 1 and K 3 directions in in situ coordinates and the corresponding plots of anisotropy degree (P J ) versus anisotropy shape (T) of magnetic susceptibility for the volcanoclastic samples from East Ujimqin (sites N27-N32) [Jelínek, 1978] [29] For the red coarse sandstone of the Upper Devonian Seribayanaobao Formation (D 3s ), two components of magnetic directions have been isolated from four out of five sites. The LTC is characterized by prominently viscous and dispersed directions (Figure 5g ). After cleaning this viscous magnetic remanence up to 250 C, three sites (O17, O24, and O25) display a uniform reversed polarity in tiltcorrected coordinates, except one sample in Site O25 presents antipodal normal polarity (Figure 5g and Table 1 ). Site O16 presents normal polarity, which is much different from other sites. Therefore, we have calculated a mean direction for these three sites (Table 1) . The fold test is inconclusive but the directions are better clustered after unfolding (Figure 6c ). All five Lower Carboniferous sites (sites O18 to O22) show weak NRM intensity ranging from 0.25 mA/m to 5.94 mA/m or high viscosity, with no reliable direction obtained (Table 1) .
Abagaqi Area (D3s)
[30] For the yellow siltstone of the Upper Devonian Seribayanaobao Formation, all specimens present weak NRM values with a range of 0.41 mA/m to 3.69 mA/m. Furthermore, most samples present highly viscous features during demagnetization, since we observe a more than 90% drop of the magnetic intensity after heating up to 150 C. Consequently, no reliable direction was isolated from this locality.
Keshiketengqi Area (P3t)
[31] For the coarse sandstone of the Upper Permian Tieyingzi Formation, the NRM intensities are relatively high, ranging from 46.4 mA/m to 227 mA/m. Only one component has been isolated from all analyzed samples (Figure 5h) , and a mean direction has been calculated for these five sites (Table 1 ). The site mean directions are better clustered before bedding corrections, indicating a negative fold test (Figure 6d ).
Linxi Area (Late P1d and P3l)
[32] For the upper part of the tuff and basalt of the Lower Permian Dashizhai Formation (P 1 d), NRM intensities vary from 1.91 mA/m to 1.89 A/m. By thermal demagnetization, a random LTC has been isolated below 300 C. Thereafter, a HTC up to about 600 C has been observed and displays southeastward declination and upward inclination in tiltcorrected coordinates (Figure 5i ).
[33] Concerning the sandstone of the Upper Permian Linxi Formation (P 3 l), after removing the LTC until about 200 C, the remanent magnetization shows a stable decrease of magnetic remanence up to 550 C. All samples except one display unified normal polarity (Table 1) . Site O01 displays northward declination and steeply downward inclination in in situ coordinates (Table 1 ). The tilt-corrected directions Figure 5 . Orthogonal vector plots of representative specimens from each sampled age/locality group. Closed (open) symbols present the projection in horizontal (vertical) plane. IS (in situ) and TC (tilt-corrected) stands for plot in in situ and tilt-corrected coordinates. Sample name, site locality, and stratigraphic age are shown on each figure. for the other two sites display consistent northwestward declination and downward inclinations (Figure 5j ). 4.3.2.5. West Ujimqin Area (C2a, P2g, and P2z)
[34] For the limestone of the Upper Carboniferous Amushan Formation (C 2 a), after removing the random LTC until 200 C, all samples show normal polarity before bedding correction and a mean direction has been calculated (Table 1) ) for the sampling area. Only eight specimens from three sandstone sites of Amushan Formation were successfully demagnetized and all display reversed polarity (Figure 5k) , and a mean direction has been calculated (Table 1) .
[35] For the Middle Permian yellow sandstone of the Gegenaobao Formation (P 2 g), most of the samples display weak values of NRM (lower than 1 mA/m) and no reliable direction has been obtained except for Sites O08 and O10 (Table 1) . For specimens of site O08, after removing the viscous LTC up to about 300 C, the remanent magnetization decreases linearly to the origin at 585 C, with solo reversed polarity (Figure 5l ), while Site O10 displays antipodal normal and reversed polarities (Table 1) .
[36] For the limestone of the Middle Permian Zhesi Formation (P 2 z), after cleaning the LTC up to 150 C, all measured samples show consistent directions (Figure 5m ) before bedding corrections and a mean direction has been calculated ( Table 1 ). The directions are better clustered before bedding correction (Figure 6e ), indicating a negative fold test.
South Margin of MOB 4.3.3.1. Erenhot Area (D1-2n)
[37] For the red coarse sandstone of the Lower-Middle Devonian Niqiuhe Formation (D 1-2 n), only one component is isolated after progressive demagnetization, but samples from these nine sites display variable directions. Site 16 yields magnetic directions of reversed polarity. Site 18, which was selected for conglomerate test, displays scattered directions. All other seven sites, except one sample from Site 19, display a consistent normal polarity in in situ coordinates (Figures 5n and 6f ) and a mean direction has been calculated (Table 1) . Although the pebbles give scattered directions, the site mean directions are better grouped before tilt correction, suggesting a negative fold test (Figure 6f ). 
East Ujimqin (C2-P1g)
[38] For the volcanoclastic rocks of the Upper CarboniferousLower Permian Gegenaobao Formation (C 2 -P 1 g), only one component has been isolated from three sites (Sites N27, N31 and N32), and two components have been isolated from the other three (Sites N28, N29, and N30). The directions from three single-component sites are consistent with that of the LTC deduced from the three dual-component sites (Figures 5o and 5p ) and a mean direction has been calculated (Table 1) . The site mean directions of these six sites are better grouped before tilt correction, indicating a negative fold test (Figure 6g ). The HTC isolated from three dualcomponent sites displays a solo reversed polarity (Figure 5p ). The site mean directions for these three sites are better grouped before bedding correction, also indicating a negative fold test. [39] Magnetic mineralogy studies reveal that titaniumpoor magnetite and sometimes hematite are the main magnetic remanent carrier with subordinate magnetic minerals, such as goethite, pyrrhotite, and maghemite. AMS measurements suggest that all collected rocks, except those from East Ujimqin, have not experienced intense deformation since their formation and maintain their original sedimentary magnetic fabric. Seventeen out of the 86 analyzed sites present either too weak magnetic remanent intensity or strong viscosity (Table 1) to provide reliable paleomagnetic directions. Besides, for four sites, specimens display scattered directions that hinder calculation of the site mean direction. All these 21 sites are rejected for further discussion.
Discussion
Calculations of Paleomagnetic Poles 5.1.1. Primary Magnetizations
[40] Three Late Devonian sites from Sunidzuoqi show a unified reversed polarity, except one sample in Site O25 displaying an antipodal normal polarity (Table 1) . Although the fold test is inconclusive due to probably the similarity of bedding attitudes, the features that the precision parameter has been improved after bedding corrections with a ratio of 1.35 for k s /k g and the coexistence of antipodal normal and reversed polarities may suggest that the magnetic remanence was at least acquired before the folding. The folding age cannot be, however, estimated by local stratigraphic contacts. At the regional scale, the Upper Devonian-Upper Permian strata are folded or highly tilted, and unconformably covered by the Late Permian conglomerate. Therefore, the folding took place during the Late Permian. Meanwhile, the coexistence of antipodal normal and reversed polarities and inexistence of the Early Permian magmatic rocks around sampling places exclude the Early Permian remagnetization, which displays only reversed polarity due to the PermoCarboniferous Reversed Superchron (PCRS), ranging from 320 Ma to 263 Ma [Garcia et al., 2006; Cottrell et al., 2008] . Thus, the magnetic remanence may be considered as primary and a Late Devonian paleomagnetic pole has consequently been calculated for IMB at l = 46.8 N, j = 349.1 E, dp = 14.6, dm = 27.3 with N = 3 sites, or l = 43.6 N, j = 356.9 E, dp = 5.6, dm = 10.4 with N = 17 samples (Table 1) .
[41] Only eight specimens were successfully demagnetized from three sites of Late Carboniferous sandstone from West Ujimqin, displaying a unified reversed polarity. The corresponding pole was calculated at l = 55 N, j = 300.6 E, dp = 5 , dm = 9.5 with paleolatitude of~10 (Table 1) . The solo reversed polarity seems to be consistent with the PCRS. The pole and the paleolatitude are comparable with the Late Carboniferous pole from Hexi Corridor in the westernmost part of NCB (l = 58 N, j = 262.5 E, dp = 7.4 , dm = 14.2 ) and its paleolatitude (9.2 N AE 7.4 N given by Wu et al. [1993] and 5.4 N given by Huang et al. [2001] ). Although no fold test can be applied because of the small amount of samples, it seems reasonable to consider this pole to be representative of IMB for Late Carboniferous. However, for cautious tectonic interpretation, we will not use this pole further.
[42] Two sites of Early Permian basalt and two sites of Late Permian sandstone from Linxi and two sites of Middle Permian sandstone from West Ujimqin display similar or antipodal directions after bedding corrections (Figures 5i,  5l, and 5j) . Zircon U-Pb geochronology yielded ages ranging between 285 Ma and 270 Ma for the basalt sites Liu, 2009] . Our unpublished zircon U-Pb dating provides a Middle Permian age assignment for the sandstone from West Ujimqin, which overlies the basalt directly. In addition, the solo reversed polarity suggests that the magnetic remanence has been acquired before 263 Ma, which is the upper limit of PCRS. Similarly, the age of the Linxi Formation sandstone is well constrained by abundant plant fossils and detrital zircon geochronology (256 Ma for the youngest grain) [Han et al., 2011] . Meanwhile, its chiefly normal polarity may suggest that the magnetic remanence was acquired shortly after 263 Ma, the upper limit of PCRS. All these rocks were deposited during a period of ca. 30 Ma, but they display similar or antipodal magnetic directions (Figures 5i, 5j, and 5l ). This indicates a relatively stable paleolatitude for IMB from late Early Permian to Late Permian. Therefore, we have calculated a mean direction for these six sites at D g = 167.2 , I g = -63.9 , k g = 30.4, a 95g = 12.3 and D s = 140.8 , I s = -34.0 , k s = 70.9, a 95s = 8.0 ( Figure 6h and Table 1 ). Enkin's fold test is positive with maximum value of k parameter at 90% (Figures 6h and 6i) , and it also passes the reversal test [McFadden and McElhinny, 1990] , suggesting that the magnetic remanences were obtained before folding. As discussed above, the folding age is considered to be the Late Permian. Therefore, we consider that the remanences were acquired during deposition. Thus, a late Early Permian-Late Permian paleomagnetic pole has been calculated for IMB at l = 48.7 N, j = 3.7 E, dp = 5.2 , dm = 9.1 with N = 6 ( (Figures 5c, 5d , and 5p) and (b) northward declinations and steeply downward inclinations or antipodal southward declinations and steeply upward inclinations (Figures 5f, 5h , 5m, and 5n). In the following, we will discuss the possible reasons and age for these remagnetizations.
[44] The directions of HTC of five sites from the Early Devonian red sandstone in Damaoqi (D 1c ) and of three sites from volcanoclastic rocks in East Ujimqin (C 2 -P 1 g) show the solo reversed polarity (Table 1) . Moreover, these sites are close to Early Permian granitic plutons and volcanic rocks, which could be the cause of this secondary thermal magnetization. In addition, a review of the literatures concerning Permian magmatism around these two localities has shown a peak emplacement age at ca. 274 Ma (Figure 7a ) Liu et al., 2009; Chen et al., 2012] . The solo reversed polarity and the estimated age of this remagnetization coincide with timing and features of the PCRS. Among these sites, inclinations vary slightly (À5 to À28 ), but the corresponding paleolatitudes remain similar. Conversely, declinations are scattered and vary between 110 and 315 (Table 1) .
The paleomagnetic poles calculated from each site are distributed along a small circle centered at the sampling zone, which overlaps with Permian poles obtained from NCB and MOB (Figure 8b ). So it is reasonable to consider that the remagnetized remanence acquired during the Early Permian.
The important difference in declination may be due to posterior late strike-slip faulting, as observed in the field (Figure 2l ).
[45] All remaining remagnetized sites display HTC directions close to that of the PEF (Table 1) , but two major features allow us to distinguish them (except eight sites of Late Carboniferous limestone in West Ujimqin) from that of PEF: (1) the magnetic inclinations (62.4 to 69.5 ) are higher than that of PEF (61.2 for PDF and 62.2 for GAD) and (2) the occurrence of reversed polarity for each locality (e.g., Figures 5a and 5f and Table 1 ). Therefore, the remagnetization age needs to be estimated. The corresponding poles of these remagnetized sites are compatible with the Early Cretaceous poles of NCB, MOB, and SIB [Halim et al., 1998; Kravchinsky et al., 2002b; Cogné et al., 2005; Charles et al., 2011] . Meanwhile, East Asia, including MOB, IMB, and NCB, experienced Mesozoic extensional tectonics, characterized by abundant extensional half-graben basins and emplacement of numerous magmatic massifs [e.g., Webb et al., 1999; Graham et al., 2001; Ren et al., 2002; Liu et al., 2005; Wu et al., 2005; Charles et al., 2011; Wei et al., 2012; Daoudene et al., 2012] . The magmatic event, which may induce thermal remagnetization, started in Late Jurassic and reached the peak in the Early Cretaceous (127 Ma, Figure 7b ). After the Early Cretaceous, no magmatic event occurred in central-eastern Inner Mongolia until the early Pleistocene basalt erupted nearby Xilinhot [IMBGMR, 1991] . However, the distribution of the Early Pleistocene basalt is restricted, and the magnetic directions of the Early Pleistocene in this area are different from our remagnetized directions [Zhu et al., 1998 ]. Generally speaking, pervasive remagnetization is caused by regional magmatic event. So it is reasonable to consider that these secondary thermal magnetizations were acquired in Early Cretaceous.
Comparisons of the Paleomagnetic Poles
[46] Up to now, no reliable Paleozoic paleomagnetic data have been documented from central-eastern Inner Mongolia, except a few remagnetization data obtained from Carboniferous-Permian strata in northeastern Inner Mongolia [Zhao et al., 1990] . For MOB, paleomagnetic studies have mostly focused on its northern margin, such as North Amuria Kravchinsky et al., 2002a] and North Mongolia [Pruner, 1987] , with a few studies on South Mongolia [Pruner, 1987] . Most of these data were driven from deformed zones, e.g., the suspected Mongol-Okhotsk suture zone, where the strike-slip movements may have caused significant deflection of the paleomagnetic directions [Kravchinsky et al., 2002a; Webb and Johnson, 2006; Webb et al., 2010; Metelkin et al., 2010] .
Late Devonian
[47] Late Devonian poles for these four blocks remain rare. For NCB, two poles were obtained from the Hexi Corridor region. Zhao et al. [1993] gave a Late Devonian pole at l = 34.2 N, j = 228.7 E, A 95 = 8.8 with 16 sites of red sandstone and andesite (Table 2) Devonian strata (Table 2) . Despite collecting in close locations less than 40 km, these two poles display huge rotation with declination difference of 72.1 AE 15.4 (Figure 8a ), which is probably caused by the strike-slip fault system in the Hexi Corridor [Huang et al., 2000] . In the upper Amuria region (MOB), Kravchinsky et al. [2002a] obtained two poles for Middle-Late Devonian and Late Devonian ages at l = 24.6 N, j = 12.9 E, dp = 8.7 , dm = 16.9 with seven sites of siltstone and tuff and l = 40.5 N, j = 352.4 E, dp = 9 , dm = 16.7 with five sites of sandstone and siltstone, respectively (Table 2 ). All these four Devonian poles from NCB and MOB are distributed along a small circle, indicating that these two blocks have evolved together without detectable paleolatitude difference (2.3 AE 5.7 ), but with significant relative rotations since the Late Devonian (Figure 8a ). Our Late Devonian pole obtained from Sunidzuoqi (IMB) also locates on this small circle (Figure 8a ), indicating that these three blocks of compatible paleolatitudes were juxtaposed since at least Late Devonian. Based on a paleomagnetic study of kimberlite and dyke in the east of Siberia, Kravchinsky et al. [2002c] gave a Late Devonian pole for SIB at l = 11.1 N, j = 149.7 E, A 95 = 8.9
with 11 localities (Table 2 ). This pole is totally different from the Late Devonian poles of NCB, MOB, and IMB (Figure 8a ), indicating that SIB was located far away from NCB, MOB, and IMB during the Late Devonian.
Permian
[48] The Permian poles for NCB have been well documented by numerous studies over the last three decades (Table 2 ) [e.g., McElhinny et al., 1981; Zhao and Coe, 1989; Meng et al., 1990; Wu et al., 1993; Yang et al., 1998 ]. These poles are well consistent with each other (Figure 8b ). Although statistically distinguished from other poles, the pole from Hexi Corridor (Figure 8b ) presents a compatible paleolatitude, indicating post-Permian rotation of sampling area with respect to the other parts of NCB.
[49] Our primary Permian pole for IMB inferred from West Ujimqin-Linxi (star in Figure 8b ) is well consistent with the poles of NCB, with an indistinguishable angular difference of 2.6 AE 10.9 and a weakly paleolatitudinal difference of 5.8 AE 8.5 comparing with the mean Permian pole of NCB (calculated at l = 46.0 N, j = 355.2 E, A 95 = 4.7 ), indicating that no paleomagnetically detectable relative movement has occurred between NCB and IMB during Permian. These two blocks may have been welded as a rigid block.
[50] The Permian poles of MOB are distributed along a small circle, which intercepts the poles of NCB-IMB (SC1 in Figure 8b ) Kravchinsky et al., 2002b; Pruner, 1987 Pruner, , 1992 . This observation indicates that the post-Permian relative movements between NCB-IMB and MOB are essentially produced by rotations within these blocks. In fact, as described before, the samples of MOB come essentially from the marginal zones [e.g., Kravchinsky et al., 2002b] . These significant relative rotations may be caused by strike-slip movements along the tectonic boundaries [Cogné et There is little or no latitudinal difference but huge longitudinal differences between IMB, NCB, and MOB, indicating that these three blocks probably aggregated together, but with strong rotation. SIB was far away from other three blocks in Late Devonian as the pole was far away. (b) Equal-area projections of Permian poles from IMB, NCB, MOB, and SIB. The pole of our study is consistent with that of NCB, suggesting that these two parts have been welded as a rigid block. There is no latitudinal difference but still huge longitudinal differences between IMB + NCB and MOB, indicating strong postdated rotation, probably due to intracontinental strike-slip movements. SIB was still far away from other three blocks in Permian. The Permian remagnetized sites are also aligned along a small circle (SC2) with a shallower inclination, which probably due to local deformation since samples were collected from zones where strike-slip faults are documented.
[51] The Early Permian remagnetized poles obtained from Damaoqi in the northern margin of NCB and from East Ujimqin in the southern margin of MOB are scattered, but once again, they are distributed along a small circle (SC2 in Figure 8b ), revealing importance of strike-slip tectonics. Though both of these two small circles are overlapped (Figure 8b ), the SC2 seems slightly shallower than SC1 that intercepts all other poles from NCB, IMB, and MOB. This slight latitudinal difference between SC1 and SC2 may be due to (1) the uncertainty in age estimation for the remagnetization made by the correlation with the regional peak of magmatic activity around the sampling area and (2) the uncertainty in bedding corrections of Permian remagnetized data. As multiphase tectonic events took place after the Early Permian remagnetization, the in situ Permian remagnetized data may also consequently introduce errors in the paleolatitudes.
[52] The Permian poles from Siberia are statistically grouped [Kravchinsky et al., 2002c; Veselovsky et al., 2003; Pavlov et al., 2007] , except an outlier obtained from mafic dykes (Figure 8b ) [Pisarevsky et al., 2006] . These poles are far away from all other poles of NCB, IMB, and MOB, indicating that significantly latitudinal movements have occurred since Permian between Siberia and other blocks.
Tectonic Implications
[53] As a major tectonic implication of this study, no obvious latitudinal differences between IMB, NCB, and MOB are observed neither in Late Devonian nor in the Permian (Figures 8a and 8b ), indicating that these three blocks have been amalgamated since the Late Devonian and no wide ocean existed between them during the Late Paleozoic. This observation is compatible with the tectonic interpretation showing two Silurian-Devonian orogens between NCB, IMB, and MOB [Tang, 1990; Xu et al., 2012] . The sedimentological constraints showing the similarity of the Upper Carboniferous to Upper Permian strata between northern NCB and southern MOB is also in agreement with our paleomagnetic data [Mueller et al., 1991] . Our sedimentological study reveals that following Late Devonian molassic deposition, IMB was dominated by shallow marine carbonate platform in the Carboniferous, followed by volcanicsedimentary sequences in the Early-Middle Permian, and continental environment with thick lacustrine sediments in the Late Permian. Consequently, no large ocean existed between NCB and MOB during the Late Paleozoic. Thus, the Paleo-Asian Ocean between NCB and MOB was closed at least since Late Devonian. NCB, IMB, and MOB were welded together as a single block. However, a small remnant sea may still exist in MOB in the Late Paleozoic, as Carboniferous arc and Permian marine sedimentary deposits were identified in south Mongolia [Johnson, 2004; Heumann et al., 2012] . Conversely, the latitudinal differences between the welded NCB-IMB-MOB block and SIB during Devonian and Permian may correspond to the occurrence of the Mongol-Okhotsk Ocean (Figure 8) . As shown by the a Abbreviations. N: the number of sites (S), samples (s) or localities (L) used for calculation. The "S" means several sites in a relatively constrained locality; while the "L" represents a mean pole calculated from several localities, with several sites in each locality; Slat (Plat): the latitude of sampling site (pole); Slong (Plong): the longitude of sampling site (pole); A95: the radius that mean pole lies within 95% confidence, in degree; dp/dm: semi-axes of the confidence ellipse of palaeomagnetic pole; F: fold test; R: reversal test; BC: baked contact test. distribution of paleomagnetic poles along small circles centered on the sampling regions, the welded NCB-IMB-MOB block is not totally rigid owing to intracontinental deformation and significant relative rotations between NCB, IMB, and MOB domains (Figures 8a and 8b) . The rotations are due to transcurrent tectonics that has been already described by the previous studies [Enkin et al., 1992; Kravchinsky et al., 2002a; Metelkin et al., 2010] and documented by numerous Mesozoic shear zones in MOB and IMB (e.g., East Gobi Fault zone) [Lamb et al., 1999 Webb et al., 2010] .
Conclusions
[54] Despite the difficult outcrop conditions, we collected samples over a 3 year period and now present the first paleomagnetic data from central-eastern Inner Mongolia. Magnetic mineralogical analyses show titanium-poor magnetite and hematite as the principal magnetic carriers. From sites showing magnetization of primary origin, we have calculated a Late Devonian pole and a Permian one for IMB. Two stages of remagnetization have been also identified, probably due to Early Permian and Early Cretaceous thermal events. Although the results are still preliminary and remain qualitative, the comparison of our paleomagnetic with available poles from NCB, MOB, and SIB infers that (1) the Paleo-Asian Ocean has been closed to form a single welded block (NCB-IMB-MOB) since at least Late Devonian and (2) intracontinental deformation within NCB-IMB-MOB block has continued throughout the late Paleozoic and the Mesozoic, due to strike-slip movements along unit boundaries or within units. To improve the results from this study and better understand the Paleozoic evolution of CAOB, the study area needs to be widened. Investigating the western extension and especially the connection with the western part of CAOB (e.g., Tianshan, Altay) may be a key challenge for the late Paleozoic tectonics of Asia.
Appendix A: Analyses of Magnetic Mineralogy
[55] The analyses of magnetic mineralogy of 9 localities in this study are detailed described in the following.
A.1. North Margin of NCB A.1.1. Damaoqi Area (S3x and D1c)
[56] For the yellow sandstone of the Upper Silurian Xibiehe Formation (S 3 x), the heating curve of the magnetic susceptibility displays a quick decrease from ambient temperature to about 150 C, a progressive decrease until to 450 C, an abrupt drop from 540 C to 580 C, and a final slow decrease from 580 C to 700 C ( Figure A1a ), indicating the coexistence of several magnetic minerals with different Curie temperatures. In addition, an important change of the magnetic mineralogy is recorded during thermomagnetic experiments, since the magnetic susceptibility significantly increases after heating up to about 700 C (inset figure of Figure A1a ) due to probable oxidation of pyrite into magnetite and pyrrhotite. IRM measurements reveal that after a rapid increase up to 200 mT, the magnetic remanence increases progressively with applied magnetic field without any saturation at 1 T ( Figure A2a-1) , suggesting the existence of both low and high coercive magnetic minerals in the rock.
[57] For the red sandstone of the Lower Devonian Chaganhebu Formation (D 1 c), the heating curve of the magnetic susceptibility successively displays a quick decrease from ambient temperature to about 150 C, a slow decrease until 450 C, an abrupt rise from 450 C to 540 C, and an abrupt drop from 540 C to 700 C ( Figure A1b ), indicating the presence of several magnetic minerals with different Curie temperatures. Curie temperature measurements also reveal important change of magnetic mineralogy during experiments, as the heating and cooling curves do not overlap and the magnetic susceptibility significantly increases with cooling (inset figure of Figure A1b ). This may be due to the oxidation of pyrite into magnetite and pyrrhotite. IRM measurements display a rapid increase up to 200 mT, followed by a progressive increase of the magnetic remanence with applied magnetic field without reaching saturation at 1 T ( Figure A2a-2) ; this indicates that both low and high coercive magnetic minerals occur in the rock. A.1.2. Aohanqi Area (C1h)
[58] For the black limestone of the Lower Carboniferous Houfangshengou Formation (C 1 h), thermomagnetic curves present a slow decrease of magnetic susceptibility followed by a rapid increase from 400 C to 500 C, a sudden and severe drop from 500 C to 580 C, and finally a slow decrease from 580 C to 700 C ( Figure A1c ), indicating the presence of several magnetic minerals with different Curie temperatures. The diagram deduced from IRM measurements shows an abrupt increase from 0 mT to 300 mT, reaching a 90% magnetic saturation at about 300 mT ( Figure A2a-3) , suggesting predominantly low coercive magnetic minerals, like magnetite in the rocks.
A.2. Inner Mongolia Block (IMB) A.2.1. Sunidzuoqi Area (D3s)
[59] For the red coarse sandstone of the Upper Devonian Seribayanaobao Formation (D 3 s), the heating curve of the Curie temperature measurements displays an obvious increase of the magnetic susceptibility at about 150 C followed by a progressive increase until to a peak at about 300 C, which may correspond to the transformation of goethite and/or pyrite into pyrrhotite and/or magnetite ( Figure A1d ). Then an abrupt decrease from 300 C to 400 C is potentially due to maghemite destabilization ( Figure A1d ). The severe drop from 560 C to 600 C indicates the occurrence of titanium-poor magnetite ( Figure A2d) . Besides, thermomagnetic plots show an important change of the magnetic mineralogy during experiments, as the magnetic susceptibility displays a rapid increase of magnetic susceptibility at about 150 C followed by a slow increase until to a peak at about 300 C ( Figure A1d) . A.2.2. Abagaqi Area (D3s)
[60] For the yellow siltstone of the Upper Devonian Seribayanaobao Formation, thermomagnetic measurements display a progressive decrease of the magnetic susceptibility to reach a plateau at 350 C and an abrupt drop from 540 C to 580 C, with a slow decrease until 700 C ( Figure A1e ), revealing titanium-poor magnetite. IRM measurements show a rapid increase of the magnetic remanence with applied magnetic field from 0 mT to 100 mT, followed by secondary increase from 400 without saturation at 1 T ( Figure A2b-1) ; this suggests that both low and high coercive magnetic minerals in the rocks.
A.2.3. Keshiketengqi Area (P3t)
[61] For the coarse sandstone of the Upper Permian Tieyingzi Formation, thermomagnetic curves display an obvious increase of the magnetic susceptibility at about 150 C, a slow increase until to a peak at about 300 C, an abrupt decrease from 300 C to 400 C to reach a plateau, an abrupt drop from 580 C to 600 C, and a final slow decrease until 700 C (Figure A1f), indicating that both low (goethite and maghemite) and high (magnetite and hematite) Curie temperature magnetic minerals occur in the rocks. IRM measurements show an abrupt increase up to a 90% magnetic saturation from 0 mT to 300 mT, suggesting the predominance of low-coercive magnetic minerals in the rocks (Figure A2b-2) . A.2.4. Linxi Area (Late P1d and P3l) [62] For the tuff and basalt of the upper part of the Lower Permian Dashizhai Formation (P 1 d), the heating curve of the Curie temperature measurements displays a rapid increase of the magnetic susceptibility at 120-150 C, followed by a slow increase until to a peak at about 300 C, which may correspond to the transformation of goethite and/or pyrite into pyrrhotite and/or magnetite ( Figure A1g ). The abrupt decrease from 300 C to 400 C is potentially due to maghemite destabilization ( Figure A1g) . After a slow decrease between 400 C and 580 C, the susceptibility dramatically drops from 580 C to 640 C indicating the occurrence of titanium-poor magnetite and minor hematite ( Figure A1g) .
[63] For the sandstone of the Upper Permian Linxi Formation (P 3 l), thermal magnetic measurement shows a quick decrease from 400 C to 560 C ( Figure A1h ), indicating titanium magnetite is probably the main remanent carrier. A.2.5. West Ujimqin Area (C2a, P2g, and P2z)
[64] For the limestone of the Upper Carboniferous Amushan Formation (C 2 a), IRM measurements show an abrupt increase up to approximately 90% saturation at about 300 mT ( Figure A2b-3) , indicating a predominance of lowcoercivity minerals like magnetite in the rocks. Figure A1 . Representative results of thermomagnetic experiments from each sampled locality. Black (grey) curve represents heating (cooling) curve.
[65] For the Middle Permian yellow sandstone of Gegenaobao Formation (P 2 g), thermal magnetic measurements present a progressive decrease of the magnetic susceptibility from 0 C to 700 C, indicating both magnetite and hematite as the magnetic carriers ( Figure A1i) .
[66] For the limestone of the Middle Permian Zhesi Formation (P 2 z), the heating curve of the thermomagnetic measurements presents a progressive decrease of magnetic susceptibility from 0 C to 700 C, whereas the cooling curve displays a quick increase from 700 C to 400 C ( Figure A1j ). Since heating and cooling curves do not overlap, changes of the magnetic mineralogy due to oxidation may occur during experiments. IRM measurements show an abrupt increase with approximately 90% saturation at about 300 mT ( Figure A2b-4) , indicating low-coercive magnetite may be the main magnetic carrier in the rocks.
A.3. South Margin of MOB A.3.1. Erenhot Area (D1-2n)
[67] For the red coarse sandstone of Lower-Middle Devonian Niqiuhe Formation (D 1-2 n), thermal magnetic measurements display a gradual drop from 500 C to 660 C ( Figure A1h ), indicating the coexistence of both magnetite and hematite as the magnetic carriers in the rock. IRM measurements show a first increase below 200 mT and a secondary sharp increase without reaching a total saturation up to 1 T ( Figure A2c-1) ; this suggests that hematite is probably the main magnetic minerals.
A.3.2. East Ujimqin (C2-P1g)
[68] For the volcaniclastic rocks of the Upper Carboniferous-Lower Permian Gegenaobao Formation (C 2 -P 1 g), thermal magnetic measurements show a progressive decrease of the magnetic susceptibility with three successive drops at about 300 C, 540-580 C, and 620-680 C ( Figure A1l ), indicating the coexistence of maghemite, magnetite, and hematite, respectively. IRM measurements show a rapid increase to reach a total saturation at about 300 mT ( Figure A2c-2) , suggesting that a low-coercivity mineral like magnetite is the main magnetic carrier.
Appendix B: Anisotropy of Magnetic Susceptibility Data Figure A2 . Representative results of isothermal magnetization measurements from each sampled locality. 1/2 }, and T = 2ln(K 2 /K 3 )/ln(K 1 /K 3 ) À 1). K 1 and K 3 are principal axes of the magnetic fabrics. K 1 : magnetic lineation; K 3 : pole of the magnetic foliation; Dec/Inc: declination/inclination. a 95 max/a 95 min: the maximum/minimum radius that mean direction lies within 95% confidence.
